INTRODUCTION
Prostate cancer is the second most common malignancy in the male population over the age of 50 and the third most lethal neoplasm following lung and colon cancer. The incidence of prostate cancer has risen significantly during the recent past and, given its important social implications, has resulted in a great medical and socioeconomic challenge, which is to achieve its diagnosis at the earlier possible stage. Obtaining prostate tumour samples surgically is problematic because the malignancy is heterogeneous and multifocal and early stage tumours are nonpalpable. The use of newly introduced diagnostic techniques, such as transrectal ultrasound (TRUS) assisted by computerized methods of interpreting transrectal ultrasound information by artificial neural network analysis (ANNA) has helped substantially in prostate cancer identification, but has not provided a finite solution to the problem.
Recent widespread interest in telomerase was identified by the discovery that unlimited proliferation in most cancer and immortal cells is highly dependent on the activity of this ribonucleoprotein enzyme complex, and this marker is a promising candidate for the differential detection of benign and malignant prostate lesions (1,2). An interesting advance that has taken place recently was the introduction of the biomagnetometer into clinical practice. This technique has been used successfully in detecting breast tumours, in differentiating ovarian lesions, and in studying the activity of the brain and the hemodynamics of the umbilical cord (3-6). In view of the fact that prostate cancer remains an insidious and intractable disease, which is often diagnosed at a late stage and is accompanied by high mortality, new technologies need to be used to detect this cancer at an early stage and to improve our understanding of its bio-oncological behaviour.
In this article, we report on the potential diagnostic value of biomagnetic activity measurements in assessing prostate lesions. Such measurements of the biomagnetic activity of different prostate lesions (prostate cancer, benign prostatic hyperplasia) are still not known, to the best of our knowledge.
METHODS
Magnetic recordings were obtained from 47 patients with prostate lesions. Of these patients, 27 bore carcinomas and 23 had benign prostatic hyperplasia (BPH). The exact nature of these lesions was determined histologically. The age of the patients ranged from 48 to 72 years. Serum PSA was measured before biopsy. The Tandem-R PSA assay (Hybritech), which was used for all PSA measurements, has a reference range of 0 to 4 ng/mL. In prostate cancer cases, the Gleason System (7) was used for histological grading and the TNM classification system (8) for staging.
We used a single channel second order gradiometer (DC SQUID mode1601, Biomagnetic Technologies) in an electrically shielded room with the patient lying supine on a wooden bed, free of any metallic objects. Measurements of the biomagnetic prostate activity were conducted by use of a detector placed on the abdomen above the symphysis pubis.
In all patients eight points were selected for examination. Four points were located at the very centre of the prostate lesion, whereas the other four points at the periphery of the examined area. For each point, 32 recordings of 1-second duration each were taken with the biomagnetometer detector placed 3 mm above the recording position. This allows the maximal magnetic flux to pass through the coil with little deviation from the vertical direction.
The sampling frequency was 256 Hz with a bandwidth between 1 and 100 Hz. Using an AD converter, the analogue signals were converted to digital ones and, after Fourier statistical analysis, the average spectral densities from the 32 records of the magnetic field strength were obtained from each one of the eight points measured in the frequency range 2-7 Hz. By convention, the maximal value was used when assessing the prostate lesions. All biomagnetic assays were performed before histological examination of prostate lesions and the operators were blinded to clinical (digital examination, PSA) and transrectal ultrasound (TRUS) findings.
RESULTS
The waveforms of the prostatic lesions (raw data) were of high amplitude in most prostatic carcinomas and of low amplitude in most BPH patients. There were, however, three cases in the cancer group (12, 5%) and another three in the BPH group (13%), which showed biomagnetic recordings of low and high amplitudes respectively. In all cases, the frequencies considered were distributed within the range of 2-7 Hz. The corresponding spectral densities of the magnetic field were shown after statistical Fourier analysis. They were of high spectral amplitude in the malignant prostatic neoplasms and of low spectral amplitude in benign prostatic lesions. The maximum total average of spectral amplitudes emitted by prostatic carcinomas was 248.82 Ft/ √Hz (range 90-484 Ft/ √Hz) in the 2-7 Hz frequency band. However, the maximum tota1 average spectral amp1itude emitted by BPH was 165, 45 Ft/ √Hz (range 88-402 Ft/ √Hz ) in the 2-7 Hz frequency band. The difference between prostatic carcinomas and BPH was of high statistical significance (t-test p=0.0021).
Analysis of the prostate carcinomas revealed a TNMclassification of stages T 1-2 for 9 of 24 carcinomas and stages T 3-4 in 15 cases. With regard to malignancy, 14 tumours were classed as low grade, 7 as intermediate and 3 as high grade. Regarding the concentration of PSA, the patients were divided in three groups (less than 10 ng/mL), 10 to 30 ng/mL and 30 ng/mL or more. Table I shows the relationship between T stage, grade and serum PSA before measurement of biomagnetic activity in prostatic carcinomas. The T l-2 tumours showed an average biomagnetic activity of 237±80 Ft/ √Hz and the T 3-4 tumours 245±93 Ft/ √Hz. The difference between consecutive groups was not statistically significant (p=0,83). There was not a significant statistical correlation between Gleason's combined score and the responding biomagnetic activities (p=0,86). A comparison of average concentration of PSA in the three groups in relation to biomagnetic activity revealed no statistically significant difference between the groups PSA<l0 vs. 10<PSA<30 (p=0,41) but statistically significant difference between the groups 10<PSA<30 vs. PSA>30nglml (p=0,0052).
DISCUSSION
Angiogenesis is a term describing new blood vessel formation and is considered to play an important role in oncogenesis, in general, and also in tumour spread and metastatic growth. The angiogenic activity seems to be the result of a balance between angiogenic stimulators and inhibitors that may be produced by tumour cells, as well as benign host cells (macrophages, mast cells and stromal components).
Tumour hyperemia is known as being related to new blood vessel formation within the tumour and to vasodilatation of existent blood vessels. Viable tumour cells release diffusible angiogenic factors, which stimulate new capillary growth and endothelial mitosis in vivo, even when tumour proliferation has been arrested by irradiation. Folkman proposed a hypothesis that ''once tumour take occurs, every further increase in new capillaries which converge upon the tumour, results in early growth" (9-11).
TABLE I. COMPARISON OF TUMOUR CHARACTERISTICS (STAGE T, GLEASON SCORE, SERUM PSA) WITH BIOMAGNETIC ACTIVITY IN 24 PROSTATIC CARCINOMAS.
According to this concept, a small focus of tumour cells (containing less than 10 cells in a volume of a few cubic millimetres) could not increase infinitely without the induction of angiogenesis. Furthermore, this focus of a few millimetres in diameter depends on the induction of functional microcirculation from the surrounding host tissue. It is obvious that malignant tumours induce the growth of an independent and characteristic vascular network on their own. The tumour vasculature is highly heterogeneous and does not conform to the standard normal vascular organization (i.e. artery to arteriole and capillaries to post capillary venule to venule to vein). A key difference between normal and tumour vessels is that the later are dilated, saccular and tortuous and may contain tumour cells within the endothelial lining of the vessel wall.
Although a quantitative relationship between angiogenesis, metastasis and prognosis has been noted for prostate cancer, the contribution of angiogenesis to certain attributes of this cancer, like slow proliferation and low progression rate, have not been thoroughly investigated up to date (12-14).
The biomagnetic activity of malignant tissues is a reflection of tumour hyperemia and neo-vascularization, as well as of existent vessels vasodilatation. This biomagnetic activity is caused by the movement of ions across the plasma membrane. Lately, the measurement of biomagnetic activity by use of the SQUID biomagnetometer has been introduced into clinical practice. Real-time, 3D localization of the prostate for intensity-modulated radiotherapy can be accomplished with passively charged radio frequency transmitters and superconducting quantum interference device (SQUID) magnetometers.
McGary JE has presented the theoretical foundation for designing a real-time, 3D prostate localization system including the associated physical parameters and has demonstrated the feasibility and physical limitations for such a system (15). Anastasiadis et al. measured the biomagnetic activity of ovarian (4) and breast (3) lesions and found that it was higher, compared to benign lesions, in 95% of malignant neoplasms of these organs. Furthermore, the authors discovered significant differences in the amplitude of biomagnetic activity between breast and ovarian carcinomas.
Regarding prostate lesions, the data presented in this study justify a novel approach to the magneto-prostato-gram (MPG) and suggest that this method of measuring the biomagnetic activity can be potentially exploited in differentiating malignant and benign prostate diseases. This is not unexpected as malignant tissues, by virtue of their expansion, vascularity, and thus increased ionic movements, produce magnetic fields of higher intensity than benign hyperplasic tissues growing more slowly. In the prostatic carcinomas we studied, the biomagnetic activity was found low (mean 248±82 Ft/ √Hz) compared to carcinomas of the breast (mean 754±305 Ft/ √Hz). This finding can be explained by the lower angiogenic activity of prostate carcinomas, in contrast to other malignancies, and could help in resolving certain features of this carcinoma, namely slow proliferation and low progression rate.
It is known that prostate cancer stage (T) is closely related to tumour volume. In the present study, tumour stage (T) did not show a statistically significant correlation to biomagnetic activity. This fact could be explained by taking into consideration the increased angiogenic activity also in early tumour stages.
Comparison of biomagnetic activity with respect to Gleason-score (grade) and to PSA serum levels did not show statistically significant differences. Therefore, it seems as though biomagnetic measurements of prostate lesions may prove a useful method in detecting prostatic carcinomas and may offer additional information in better understanding the biology of prostate cancer. The method is non-invasive, reliable, rapid and easy to interpret. Furthermore, it is totally harmless and well tolerated by the patients. The differences reported in this study between carcinomas and BPH are apparently due to malignancy itself and are not influenced to any extent by other factors, such as tumour size. A disadvantage of the technique used for our measurements is obviously the relatively big distance between the suprapubic biomagnetic detector and the centre of the prostate gland (3-5 cm).
CONCLUSIONS
We are currently targeting our efforts in creating a transrectal SQUID detector that would be almost adjacent to the prostate, thus able to provide a more accurate recording of the biomagnetic profile of the gland. Nonetheless, the precise role of biomagnetic activity in prostate cancer detection and biology remains to be further elucidated by extensive and thorough investigation in studies to come.
